


llllll!lflllIIHIIUIIIIIIUHIIHN!IIIIIWIIIIIIIIIIIIIII

4820

THE DANGER OF STALLED FLIGHT AND AN AWALYSIS OF
THE FACTORS WHICH GOVERN IT.*
By
L. Hopf

1. The cause of very many mishaps in aviation is so—called
"stalled flight." By this is understood the phenomenon when,
in steep climbing or in sharp curves, in short, in all kinds of
maneuvers at low speed, a condition occurs in which the pilot
loses control of his airplane. In less serious cases, a longer
time and more room is required than in ordinary flying in order
to recover control, but in the wmore serious cases the elevator
or the rudder fails to work and the airplane falls. TUsually an
involuntary pitching flight takes place suggestive of the fall-
ing of a dry leaf. It is known that low speed is the essential
cause of this dangerous condition and that it does not occur if
the speed is not allowed to fall below a certain limit, which
naturally differs for different airplanes. Hence, the oft-repeat~
ed instructions to carry an air-speed instrument on every flight
and not, as was formerly customary, to trust alone to the r.p.m.
for judging the speed. The condition of the engine alﬁne does
not assure the safety of flight.

3. It was early recognized that the phenomena in stalled
flight were not connected with the pitching moments on the air-

plane and therefore not with what is termed static stability and

*Taken from Berichite und Abhandlungen der Wissenschaftlichen
Gesellschaft fur Luftfahrt, Sept., 1930, pp. 73-80.




instability, but with the peculiar relations cf the 1ift at in-
creasing angles of attack. The 1ift does not continue to in-
crease indefinitely with the angle of a%tack.(as the resistance
does), but diminishes again after rassing a certain maximum.
This maxinum angle of sttack lies beitween 15° and 20° , not much
different from that needed in ordinary flight. For the explana~
tion of stalled flight, we cowe then to the following conclus-
ions. If the angle of atfack is increased, the resistance also
increases. So long as the 1ift also increases with the increas-

ing angle of attack, it can support ths weight, bus if the 1lift
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does not increase correspondingly, then the
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er than the 1lift and the airplane loses altitude. This conclus—-

ion can be stated exactly with the aid of Penaud power diagrams
(Painleve, La Technigus feronautigue I, p.8).

For conditions of uvnaccelerated flight it is customary to
plot the drag force, W, which must be overcome by the thrust of
the propeller, againrst the velocity. The weight of the airplane
is kalarzed b the 1if4 if th= angle of attack is properly ad-
justed. - If the propeller thrust, S, is also plotted against the
speed as in Fig, 1, the intersections of the two curves denote
the limiting speeds in horizontal fiight and the vertical dis-
tance between the curves is a measure of the climbing ability of
the airplane. This method is so well known that no further ex-
plonation should pe necessary. As we pass from the condition of

-

equilibrium I =zlong the W curve to higher spreeds, the re-
< o gy



dquired resistance becomes greater than the actual propeller
thrust and the speed must diminish until point I 1is again
reached. In an analcgous manner, it wmust increase, when the
speed is lower than that corresponding to point I. Thus the
condition of eQuilibrium I is shown %o be stabls and it may be
shown in the same menner that the condition of equilibrium II

for a lower speed is unstable. Thig process c¢f reasoning does
not apply to stalled flight. It would apply, if, in such a
flight, the path of the airplane should always maintain the same
inclination, especially if it should remain constantly horizon-
tal. In no case, however, is this %o be assumed. The conclus*.
ions drawn from Fig., 1 for the conditions of equilibrium are free
from objections, as, for example, the determination of the steep-
est climb from the point where the difference between the ordi-
nates of the two curves is greatest. It is therefore correct
that, with large angles of attack belonging to lower speeds than
Vv, an airplane can not climb so steeply as with the angle of
attack belonging to v and that an airplane, which is forced by
a strong pull into a condition of eguilibrium with such an angle
of attack, climbs less steeply. The so-callied reversal of the
steering effect here bescomes noticeable., Such flights are not
however at all dangerous and should not be designated as stalled
fiights, t greater heights the pilot will not perceive any way
that he is flying at a lower speed, and consequently greater an-

gle of attack, than corresponds to the steepest climb, There 'is



no Guestion of lack of steering avbility. Hence stalled flight
and flight with reversed steering effsct are to bs sharply dis-
tinguished from each other. The fact will be considered below
that the reversal of the steering effect, insofar as it does
not depend on contiruous effect, bus only on the momentary in-
fluence of the elevator, is not included in the above exposition.
3. In order %o understand the relations in stalled flight,
we must therefore not only bear in mind the conditions of equi-
librium and such sitatic stability comsiderations, but also the
accelerated flight and the disturbed equilibrium. There first
rresents itself the method of 3he customary dynamic considera-
tions of stability, the wethod of erall oscillations. I can
alsc assume this method as known, since it was explained in de-

tall at a rTecent session of the W.CG.L. (Vissenschaftliche Gesell-

n

chaft fur Luftfanhrt) by Karman- and Trefftz. I «will only take
up here the effect of thess considerations on stalled £light.

For the stability of longitudinal motions (that is, moiicns
without curves) there are two quantities of decisive imperiance,
both of which play a fundamental role in the balancing of rota~
tion moments: the sc~called static stability which depends on the
position of the center of gravity and the static moment of the
tail unit about the axis passing through the center of gravisy,
and the damping w hich orposes the pitching of the airplane and

which depends chisrly on the momsnt of inertia of the tail unit

about the center-of-graviiy axis. Quiittner and Karman and Trefftz
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have shown that without static stability an airplaneAcan not have
dynamic stability and that even with static stability an air-
plane may be dynamically unstable, if the damping is not great
enough. Said authors calculated numerically only the relations
for a practicable zngle of attack, which may be suitable for the
steepest flight, and represented the result on a diagram in which,
vhe static stability 1s shown by the ordinates and the damping
by the abscissas.. In Fig. 3, G stands for weight, J for mom-
ent of inertia, F for wing surface of aivplane, M for tox-
sion wmoment of the air forces on the whole airplane, Eﬁg foz
torsion moment on the tail unit afbne, ¥ for the‘specifio weight
of the air, © for the angle of attack, q for dynaﬁic pressure,
Yy the distance of ths %ail surface from the center of gravity
of the airplane. Curve I separates the stable from tﬁe unstable
field. Airplanss, whose static stability and darmping fall in the
field inclosed by Curve I and the ordinate are unstabls in spite
of positive static stability, while the other values of the
drawn Quadrants give stable airplares. Negative dawmning has no
meaning, Negative static stability leads comstantly to insta-
bility. It is now of -interest for our problem, as to how Cuzve

I is changed, if we take other angles of attack, especially

those in the vicinity of the maximum 1ift, as the basis of our
calculation. Curve I bulges out with increasing angle of attack.
For a value still lying below the maximum 1if$ (out whose mére

accurate expregsion here would lead us foo far), it contains an
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infinitely distant point, that is, there is a value of positive
static stability, at which no damping suffices for dynamic sta-
bility. At a somewhat higher value, the lower branch of this
curve coincides with the abscissa, so that with a smaller or only
moderate static stability no dynamic stability is longer possible
and only with greater static stability is there another field of
dynamic stability. Thereby it is of interest that the stabic
stability mist increase with the damping. So far as I can judge
the numerleal values, they would seem moreover to give stability
in this field for 2 normal airplane. In these calculations there
remains much that is physically unsatisfactory. The determina-
tion of the stability or instability still gives no explanation
of the actual processes. Evern if instabiliiy could be determined
numerically for a larges angle of attack, it would not make clear
the dangers of stalled flight. If & condition of eduilibrium is
unstable, it will not be actuelly attained. It will only be pos-
sible to maintain a sort of balance with the aid of steering de-
vices in its vicinity. Toward every motion of the elevator, the
condition of the airplane in this position will be especilally
sensitive, not insensitivé, as experience with the coédition of
stalled flight teaches. Under some circumstances, an unstable

airplane will fly guite well and safely. Such instadbility is

-surely of quite a different sort from the dangsrous condition

which occurs in stalled flight. In order to arrive a$ a clear

conception of this différence, we must £ ollow an airplane in its
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accelerated motion on a disturbed path. Ve rmust not confine %
ourselves to infinitely small oscillations (in the immediate vi~
cinity of equilibrium conditions), but we must consider the
course of the whole longitudinal motion of an alirplane.

4, This consideration demands the integration of three mo-

tion formulas of flight without lateral motion. The problem is

generally very difficult mathematically. especially when the air

powers are given only in empirical, not analytical, dependence

on the angle of attack. The integration is however successful,

in a satisfactory and comprehensive manner for all practical
needs, through the knowledge that the great forces perpendicular
to the path come into esduilibrium considerably quicker than the

Fe2)

relatively smsll forces operating in the direction of the path

Professor Fuchs and I explained this theroughkly in the last num-
ber of the "Techniscne Berichte" (R. Fuchs and L. Hopf, "Die

allgemeine Lgngsbewegung des Flugzeugs," lst part. T.B. III,

P. 317) and gave a method of calculation, which however may still
nalze a complicated impression on the impartial reader., We will’

not make calculations here, but only explain the rhysical rela-

tions. We will nevertheless also keep in mind the differeniial

equations.

The equilibzrium of the forces in ithe flight direction ve-

auires: mass X acceleration = propeller thrust ~ weight comgonent-

- :

head resistance, with the familiar relations:
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The edquilibrium of the forces perpendicular to the flight
direction requires: centrifugal force = lift-weight component.

G, 49 » Y 2.5 o . .
- VSt T Ca 2e v2F ~ G cos ‘9. Cee (2)

It must here be expressly emphasized that‘tp stands for the an-
gle of flight with the horizontal. The changing of the gngle P,
with the consequent curving of the path of flight, is the re~
sult of disturbing the forces perpendicular to the path. The
| angle 6 (Fig. 3) formed by. the airplane axis and the horizontal,
| is composed of the climbing angle ¢ and the angle of attack ©
% added together.
6= +a T T (3)
This angle @ gives the position of the airplane in space. If
plays no role in the eduilibrium of forces for which the air-
plane is only a material point. It is the deciding factor in
; balancing the rotatior moments, which are entirely independent
of the dirssticn of gravity and ceonzeguertly of ﬁhé angle 9 .
The equilibrium of the moments demands moment of inertia X
torsion acceleration = - moment of nead resistance due to eleva;
tor position s and angle of attack o« - damping moment.
J % Sgig== ~-m(s,a)vea ~n & v . (a)
dt dt
The flight path bends under the infiuence of the fozces perpen-
dicular to it, the ai&plane pitchés under the influence of the

% - moments, and the reaction of the air on the airplane in connec~
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tion with both these motions depends essentially on the angle of
attack, that is, on the position of the airplane with reference
t0 the course followed. Only by chenging the angle of attack
does the force affect the position of the airplane in space and
the mowment affect the flight path. These relations impart to

the disturbed and guided motion of the airplane its special char-
acter. The speed changes only under the influence of the rela-
tively small forces occurring in equation (1) and this change
(when one refrains from direct interference with this equilibri-
uim by starting or stopping the engine) is far smaller and slower
than the change of the three angles 9, 6 and o. Only when
the vertical forces are balanced, when consequently the curvature
of the path is small, can tne speed acceleration or diminution
play a decisive roll. Professor Fuchs awmply demonstrated this
with examples in the above-mentioned T.B, article.

5. If the motion of the airplane is represented in a field
of the coordinates v, «, 6, the flight conditions, undexr
which the vertical forces are in equilibrium, will be represent-
ed by a plane surface. The intersections of this plane with dif-
ferent levels 6 = const. are shown in Fig. 4. It is apparent
how small the dependence of this curve is on 6 in the realm of all
climbs and horizontal glides (20° >0 > ~ 20°). GHence the level
representation of the motion in a (v, a) system of co&rdinates
is the most practical. Any point of the (v, 8, o) space can,
through any kiand of disturbance, represent the initial condition

of an accelerated motion. This motion will always be of such a



cheractam that the initial spesd will remsin 2lmost unchangesd
and the point representing the airplane moves in 2 plane pezpen~

dicular toc the v-axis of the eqalll brium plane of the vertical

)

forces. In the latter plane, 2,000 ording to equation (1)-%% = 0,
u

the path will not bs bent. In space I, -%g < 0 and the pata

will accordingly be hens dowaward. In space II, = >0 and the

rath will be beat upuward. I the speed falls below the value

requisite for equilibrium at the given angle of atitack, the path

-,

curves domaward, the clinb bescomss flatter, and the airplans

shows a tendency %o sink., In passing beyvond the plane where
aQ . PRI 3 o .
rrie G, +this tendency ceases

sroportionally to the increase in the 2angle of atitack,

ct
o
1¢]

path curves upward and indesd
But if, through some disturbance, the speed besomes so slow,

that the point in tris motion in the (v, 6, ©) svace Goes no%

hit the plane of eCuilibrium of the vertical forecszs, then the

whole motion of the airplane maintains its initizl direction.

The path constantly cuwves furiher dowoward and the airplane has

& constantiy insreasing tendency to £211., This is now the cass

s

of the stealled flight., Essential for its incepitlorn is the fell-
ing of the speed below the ninimmm value at vwhich the equilivriunm
of the vertical forces is —mossible. It doss nos matter at what
angle of attack shis occurs.

6. Ve have, in accord with exrerience, emphascizsd the ssssn—

tiel conditions conducive to stalled flight. bus the above con-

clusions refer only to the path of flight, mot yet to the positiorn
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of the airrlane, and conseguently %o the quantity €, wupon
which the angle of attack and the air forces essentially depend.
For this purpose we must go more minviely into the equilibrium
of nmoments., The eQuilibrium of wmoments which, according to

gquation (4) is given oy

li

2 {(8,8) =0 © vttt .. (B)
determines the angle of attack as determined by the action of the
elevator s. If the equilibrium is so disturbed thatb the angle
of attack devietes from its equilibrium value, 2 moment is cre-
ated, which, with static stablility and increasing angle of attack
presses the airplane down stronger in front, or vice versa in
case of static instebiliiy. These well known relations do no%
need further consideration here, as Fig. 5 mak kes them plain. Top-
heavy working moments are thercby calculated as positive.

, In oxder to consider the simpicst case of stalled flight,

we will assume that the airplane speed has been lowered by some
disturbance to the nesessary small value, but that the angle of
attack has retained its eduilibrium value. Then no moment is at
first greated and the position of the airplane in space does not
change, but the flight path curves downward. The angle of attack
consedquently increases. By this increase a secondary moment is
generated which turns the stable airplane downwérd toward fhe
flight direction, but +turas the unstable airplane upward away from
the flight path. For a stable airplane, therefore, the angle of

attack increases slower than for an unstable one. A neutral air-
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plane ig not turnsd at all by such a disturbance. The turning
downward of an airplane‘oauses & constant increase in the angle
of attack. The course of such a motion is shown in the said T.B.
article, For large angles of attack, entirely unexplored condi-
tions of motion enbter in. If, however, the airplane is static-
ally stable, the airplane axis will be drawn more strongly to-
ward the path of flight, as the zttacking angle increases, and
conseduently a limit is soon set to this increase. Fortunately,
within the range of the attacking angles which belong to mazimum
1if%, all sir planes arse very stable, since the turning moment
of the air forces.on the wings varies only slightly. The center
of pressure remains at the same place when the angle of attack

increases, and the value of the 1ift coefficient also varies but

0]

slightly. The stabilizing influence of the tail unii, which,
under normal Tiight conditions, is partially ox enbirely eliminat-
ed, has its full effect in etalled £lighs.

7. Ve do not need therefore to place a very high value on
the danger of the attacking angle’s automatically exceeding all
reasonable limits. Perhaps tThe present gensrel safety of flight
could not have been stiained if the wing moments had not had
this property. The actual danger in sitalled flight lies only in
the course of the flight path itself.

In the quantitative_calculation'with reference to the course
of the moments, we here find again the above qualitatively de-

termined behavior. The flight path sinks and curves constanily
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further ﬁownﬁard, withéut its being possible by pulling to do
anything to prevent it. This is showm by the following compari-~
son of two different f£light oonditions of the same airplane.

Let the weight G of the aﬂxplaae be lboO kg, and its wing
surface F = 41.3 sd.m. Let it be located at such an altitude

that the air dens ity = 0.108 C;g%f). Let the propeller thrusst
.

S (in the realm of £light speeds between 22 and 36 m/ssc. adapt-

ed to our example) be approximately represented by the edustion

= 4C0 - 0,110 ¥* T €<))

attack are contained in Fig. 8, TFrom these data is obtained the

determining value éﬁi shown in Fig., 7, for the hending of the
flight path, dependent on the angle of atiack and on the speed.
Let the radius of gyzation of the zirplame be 1.4 1., so that
the moment of inertim J = 310 (xg = s°) and the distance Y,
of the center ¢f grevity of ths tail wuiv Teup she ceniser of
gravity of thke airplane bs 5.7 m. In Fiz. 8, the noments My

of the taill-uaii forces and the moment of the total air forces
(with reference to the airplane), is laid out on she wait of dy—
namic pressure ¢, the latter for the cases where, in the realn

of normal angles of attack, either staitic stability, neutrality,

or instability ococurs. Such & position of -the slevator ig assuwm~

ed, that equilibrium exists when o = &°, In our example the

calaulation is carried out for this ros sition &nd for the equilib-

e ey e
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_rium condition o = 12°. In the latter case, the curve must be

bent down so far that it cuts the abscissa at <« = 12°,  The ef-
fect'of the elevator is shown by simply changing the curve of the
moments uwpward for pushing, downward for pulling. In the follow—
ing example a displacement of A % =% 1.5 cu.m. is assumed for
push or pull. The quantities ocourring in eguation {(4) are ex-
pressed in the follow ing manner!

Y

m='2—-é

R &0

O i

n UH-gé 5% O €3

2

In our example =0 = 0,0335 (kg s?),

The calculation is easily made. Ve proceed from a given
starting position and, for a definite intexrval, subtract from
the angle of attack in Figs, 7 and 8 the average values of the
quantities there represented., Equation (4) is then a linear dif-

ferential equation, from which we take away the value -%P”

a8 -

—_— 2 e

dt

R

s e (- m - __d_.__ a—-nv/J .
V ( nV [dtsjo)b ..‘..-(9)

B

. 4o .o as v s saa ) . X
Hereby Caf)o indicates the initial value in %the interval under

consideration, From &8 and-%% follows however -Eg} with the
A . G
help of these three values, we procesd gradually and easily with

the further calculation. In larger intervals we calculate accord-

ing to equation (1) the increment or decrement of the speed and

make allowance for this change in the use of Fig, 7. dAlso in.
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solving “%%, allowance is readily made in the calculation for
the change of speed. Still it plays no gréat role there, as long
as the speed variations are small.

8. Figs. 9 and 10 show the course of the three angles «
P, and 0 in two cases, which clearly show the contrast be-
tween normal and stalled flight., TYhe disturbance is the same in
both cases. The speed has fallen 3.45 m/s below the value re-
duired by the angie of attack and by the climbing angle. The

eduilibzrium conditions axe:

Case 4 -~ o = 8.0° ¢=4.8° e= 12.8° v = 28.2 m/s
Gase B - o« = 12.0° ¢ = 4,1° 6= 16.1° v =25.2m/s

-

Case A deals with the eguilibrium condition corresponding to the

- steepest climb. In Case B, the climbing angle is not much less.

The maximum of @ runs very flat. It may hardly be assumed that
the pilot can feel whether he is in the one or the other condi-
tion. The angle € between the horizoantal and the airplane axis
is in Case B considerably larger than in Case A, but it can be
concluded only from the barogram, that the climb is less steep.
Vhen, through some disturbance, the speed in both cases

falls 3.45 m/s, the first effect will be a downward curving of
the path, since the airplane is then in field 1 of Fig, 4. From
Fig. 7 it is evident that the curvature in Case B is much greater.
Therefore the stability is greater in Gase B and the airplane is
turned quicker toward the flight path than in Case A. If the ele-

vator is no brought into play, the path quickly becomes flatter

2
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in Case A, but even after two seconds the curvature has become
quite smell, while the flight path continues to c¢limb. In Case
B, the climbing dngle becomes O in not duite one second, and
the fiight path continues to curve downward, when the airplane
settles and begins to fall. If it is noi high above the eartn,

there is great danger. At great heights the danger is not great

and with the lzpse of time the flying course is utomatlually Te~"

sﬁmed as the speed increases. In aerial combat even a short
fall may be decisive.

8. The real oharactei of stalled fligh%‘oomes sharply into
view when we follow mathematically the result of changing the
position of the elevator in both cases. When the flight path

cur_ves downward, there is a -natural impulse to pull, that is,

%o right the airplane., The elsvator is onll

o)

eé. so that & down-
ward force is exerted upon it ﬁhich raiges the nose of ths air-
plane. The pitching of the airplane affect ts the angle of attack
and thus immediately the course of the airplane. The quantita-
tive relations may be gatherea from she sigures. In Doun cases
the angles o and § are enlarged by pulling, but the angle ©,
upon which the f£light course aloné depends, varies.

. In Case A, the curvature becomes zero in 3/4 second.. It
then curves upward and climbs steeper and steeper. By the end
of two seconds it reaches the original value 6f the climbing an-—
gle, which it will then considerably exceed. If we recall that

the initial condition in Case A correspoands to the steepest con-
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tinuous climb, it is then evident from this example how easily
%he above comparison of egduilibrium conditions may lead to false
conclusions. The conclusions there drawm correspond 0 rerma-—
nent conditions consequently only to the effect of = change in
the position of the elevator after the lapse of consl idsrsble

time, until a condition of eduilibrium hag become established.
Their transfer however to momentaxry co 5 jitions is false. For
the momentary effect of woving the elevator, which is the guestion
in wost instances, there is no duestion of a reversal of the ef-
fect of the elevator. If the airplane, through pulling on the
elevator, is removed from the edquilibrium Qch@ition of the stsep~
est climb, or a somewhat higher angle of atitack, thea the flight
vath goes still steeper than the angle correspondirg to the con-
dition of equilibrium. Tho sffect is jush what is expected
from the natural feeling,

The elevator mroduces quite a different effect in G#se B.
Here the behavior of ¢ in pulliné varies so iittle from its be~
havior when no impulse is given the elevator that both curves in
Fig, 10 fully coincide. The airplane is rightly turned by the
¢levator, but the flight path does not go with it. The dimimu-
tion of gfl corresponding to the increase in the angle of attack
according to Fig. 7, is in this cases fully offset by the smaller
climbing of the egpeed in pulling. If the pilot allows himself,
through the failure of a light pull, to be influenced to give a
stronger pull, then the angle of atback becomes still greater

and, according to Fig. 7, the flight path curves s3ill more down~
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ward. The speed will no longer increase and finally i% will sink

again. Then the catastrophe is unavoidable. Fig, 11 shows the
speed variatiorms in 211 the calculated cases.

Alongside the effect of pulling, there is shown in Figs., 9
to 11 the effect of pushing. In Case A this is of no further
interest. In Case B it consists, on the one haﬁd, of a greater
downward curving of the flight path and, on the other ﬁand,‘of
a correspondingly repid increase of speed.' After on}y twb s6C—
onds, the latter is so great that the character of the disturb-
ance approaches Case A, so fhét consequently fhr@ugh further
pulling the flight path can be guickly righted.. "First rush,
then pull" mist be the instructiéns for a pilot who desires %o
get out of the stalied flight conditionf The righting of the
flight path, in the case of stalled fligﬁt; is not to Dbe attain~
ed through the Quick ralancing of the verticai'forces as -in
Case A, but only through the comparziively sldw balandi; of the
forces in the Girection of flight. Contrary to the Tirst nat-
ural impulse, this balancing can be greatly hasbened by ‘pushing.

10. Our discussion puts us now in a position to judge as to
what external conditions and what structural measures influence
the inception and the dangers of sialled flight.;h a favorable
or unfavoxable wanner. First of all, it is clear that disburb-
ances of the sald kind are harmless, when it is poséible to ini-
tiate immediately ths balancing of: the forces acting in the di-

r2ction of flight znd when accordingly the speed caa be instant-
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1y incrsased through increased engine power. This is especially
true if +the disturbance occurs in gliding flight when the whole
engine power is available as Teserve power., Also in thé case of
great reserve power on the ground (hence on airplane with great
climbing ability) the danger is diminisﬁed,/sinae_they ¢limb
very steeply near the ground with a large attacking angle,

The irnitial value of @ is conseguently large and hence does not

become negative so0 soon. It is longer before the flight path

sinks.

In gliding flight the stalled flight condition is therefore
less likely to occur, since the deciding cuzve on the (v, «)

plane (Fig. 4) applies to smaller speeds (with negative €) than

. .

in climbing. I+% is true moreover that a smaller angle of attack
can be used in gliding than in climbing. The attacking angle of
vhe flattest glide is smaller than the attacking angle of the

steepest climb.

11. The construction of the airplane may exert an influence

on stalled flight in two ways: First, there are measurss which

hinde¥ the inceptiom of stalled ‘flight, and sécondly,-fnere are
measures which facilitate.emerging from the same. The inception
becomes more diffisult the further the minimum speed of ncrmal

flight differs from the speed at which eQuilibfium'of the verti-

cal forces is nc longer possible. The difference between the two

speed values is however proportional 4o the difference O 'cd-g s
and is- comsequently, for the given surface loading, influenced
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by ths dlf_erence in the two 1ift vslues. This difference de-

pends very largely on ths wing section. Ve can differentiate
'k.

The value of the maximum 1Lift lies, for the second one, farther

from the 1lift valus for the steepest climbing than for the first

ments in the Gottingsn tunnel gave for the two sectiicns.

Spad DD & ¢, = 0,33
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It was neverthe s svident that the measurement of the Fcockker

e
4]

section in the field of large attacking angles was very uncertain
and gave widely differing results. That such an wnmceriain state

&lso occurs in the dimensions of an actual airplane seems improb-
able, according to the s ateuuuts or the pilots. One would have

to expech great uncertrizniy in the regiow of large attaciing an—

gles, while the contrary is according to expsrience.

The maximm 1ift diminisaes and the 1ift component of the
stespest climb increases relatively to it, when the induced re~
sistance becocmes greater. The danger of stalled flight must con-
sequently increage with pocr secondary relations or unfavorable
arrangem=nt of wings on riltiplanes. Thzis is confirmed by the

statements of an airplanc pilot, acw rding to which the Fokker

.
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DVII is stalled with difficulty, bub, on the contrary, the rFokker
triplane, which must have a very great in&uced resistance, is
easily stalled. The wing sections of the two airplanes are alike.
& great strﬁctural resistance must likewige facllitate stalled
flight. The waximum 11ft is indeed not affected by such Tesist-
ance, but the 1lift coefficisnt of normal ascent becomss greater,
as is readily shown by polar diagrams (Fig. iS){ Aside from the
polar diagram, the inception of stalled flight is affected only
by the surface loading and indsed the deciding difference in
spsed becomes greater witn increasing.surface loading. Heavy
surface loading tﬁerefore has a favorable influence in thls re-
spe ct.

12. In stalled flight all i-f‘uences'must be regarded as fav-

orable which hinder the pitching of the flight nath and conse-

quensly lower the value of éf
whicn facilitate the pitching of the air

1%

i

, and likewise all influences

<t

4

pushing and consequently ralse the value of"ae

If we designate by O v the loss of speed on acccunt of the

disturbance, we may then give equation (3) the form:

vﬁzca‘}'%‘rév o....‘...-.-.(IO)

The absolute value of the speed does not therefore influence the

< s . . . . L .
change in inclination of the fligh% path -ééi but
inution is greater for swift airplares. Here also

the speed aim—

large surface

loading is favorable, since (other things being squal) the speed
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«ﬁ%, so that on the right side (10) the fac~

is proportiénal to
tor v/%; always remiins and consegusntly the speed diminishes
more gradually for large surface ioading.

Fig., 8 and eguation 9 show the different influence on the
pitching of the airplane. Static stability facilitates (in con~
nection with the hers deciding disturbances) the effect of push-
ing, while static instability facilitates the effect of pulling.
OJonsequently static stability is an advantage. Still, this ad-
vantage is nct very important for the coustruction, since in
this particular field of stalled flight all airplanes are stable.
The size of the tail unit has no influence on the gquantity -ﬁ in
equation (9), w hich ig the most important for pitching the air-
plane, but the length of the fuselage Py, by which the damping
ig determined, appears in the denominator. The greater ¥..,
the greater the damping and the smzller the pitching spesd. Con-
sedquently a great length of fuselage exerits an unfavoreble influ-
ence. Aside frowm aerodsrnamic values, -% v 1is proportional fo
-5%. Iisnce large slow airplanes are less favorable in this ze-
spect then small swift ones., The influence of the moment of mo-
mentum comes into plav only in the exponent of thg e function
in equation (9). The pitching is hindered more by a large moment

of inertia. The insensibility of the fiight path to elevator im-

fde

pulses is connected with the fact that in every disturbance of

the kind we have ccnsidered, the angle of attack passes quickly
dc%
as

into the field where is very small. Only the airglane is

BT et e bt Y — . ST s (e

g e e ) e gt 2o

o s T | SR o S o T S i ey £ e e Sl



- 23 -

pitched by the elevator and thus the attacking angle is affected:

First, through the dependence of the angle ¢ on ¢ 1is an effect

on the flight path possible. The quantity %E? is however pro-—

eXe] F
ortional to =-2 X %. The influence of the elevator on the
p G

2
[

de .
11 for & swmall value of SCq and in-

. dac
deed just so much swsller, the larger the surface loading is.

flight path is therefore sm

Here we may establicvh an unfavorable influence of heavy surface
loading. Vhether this ox the just mentinrred favorable imfluence
has the greater significance, can not be decided by the theorist.
The unbiased opinions of exverienced aviators or, still better,
reagurenents of speeds and angles in stalled flight are reduir-
ed in connection with theoretical considerations in order to

*

make them Truitful.

Translated by the National Advisory Committee for Aeronmautics.
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